This paper defines the concepts of region representative vehicle and driver and region representative safe driving awareness and its heterogeneity, and, based on these concepts and a new car-following model proposed, it proposes a new continuum model for traffic flow considering region representative safe driving awareness heterogeneity. Analyses show that the new continuum model follows traffic flow anisotropy principle, and the following insights can be gotten: (1) the bigger the difference of the preceding region representative safe driving awareness coefficient minus the following region representative safe driving awareness coefficient is, the less the probability of the wrong-way travel (the negative velocity) problem in the new continuum model is; (2) when the preceding region representative safe driving awareness coefficient is not less than the following region representative safe driving awareness coefficient, there is no wrong-way travel problem in the new continuum model, and vice versa.
Introduction
The research of the continuum model for traffic flow began with LWR model, which was proposed by Lighthill and Whitham [1, 2] and Richards [3] , respectively. LWR model can simulate many real traffic phenomena, such as the generation and the dissipation of traffic congestion very well; however, it assumes the vehicle velocity is always in the equilibrium, so it cannot simulate the nonequilibrium traffic phenomena, such as go and stop and phantom jam. For this, some scholars put forward high-order models. The first high-order model was proposed by Payne [4] ; based on the car-following model of Newell [5] , Payne's model used the dynamic equation of velocity to replace the equilibrium relationship of velocity used by LWR model, and it allowed the velocity to deviate from the equilibrium relationship. Payne's model can well describe real traffic in some respects, such as go and stop and phantom jam. It does solve some drawbacks of LWR model; however, Payne's model introduces new flaws: the wrong-way travel and gas-like behavior problems (Daganzo [6] ), which means in Payne's model there is a negative velocity phenomenon and the basic principle of traffic flow anisotropy that drivers only respond to frontal stimuli is violated by Payne's model. Based on Payne's model, many extended models [7] [8] [9] [10] [11] [12] [13] [14] [15] were proposed. For the dynamic equations of these models [4, [7] [8] [9] [10] [11] [12] [13] [14] [15] all include the density gradient term; they are all called the density gradient models. Extended models [7] [8] [9] [10] [11] [12] [13] [14] [15] solve some flaws of the Payne model, but they also have the wrong-way travel and gas-like behavior problems. In order to solve these problems of the density gradient model, the velocity gradient models [16] [17] [18] [19] [20] were proposed, which used the velocity gradient term to replace the density gradient term of the dynamic equation and solved the wrong-way travel and gas-like behavior problems.
The research of the continuum model has made great achievements, but there is no literature considering drivers' heterogeneity, such as safe driving awareness heterogeneity. However, traffic flow is a complex system composed of vehicles and drivers, and drivers' behavior has absolute effects on traffic flow stability and usually is heterogeneous, so research of drivers' heterogeneity has important theoretical and practical significance, such as the research of safe driving awareness heterogeneity. For this, this paper defines the concepts of region representative vehicle and driver and region representative safe driving awareness and its heterogeneity, and, based on these concepts and a new car-following model proposed, it proposes a new continuum model considering safe driving awareness heterogeneity. It will provide a viable 2 Advances in Mathematical Physics idea to ease and inhibit traffic congestion and improve traffic flow stability.
The remainder of the paper is organized as follows. Section 2, based on the concepts of microscopic single driver's disturbance risk preference and its heterogeneity, proposes a full velocity difference model called DRPFVD model considering drivers' heterogeneity of the disturbance risk preference for car-following model, when drivers react to the relative velocity. Section 3 defines the concepts of region representative vehicle and driver and region representative safe driving awareness and its heterogeneity, and, based on these concepts and the new car-following model, it proposes a continuum model considering region representative safe driving awareness heterogeneity. Section 4 analyzes the new continuum model showing whether it meets traffic flow anisotropy and has the wrong-way problem or not and research effects of region representative safe driving awareness heterogeneity on traffic flow stability. Section 5 concludes the whole paper and puts forward a feasible method which can improve traffic flow stability and inhibit traffic congestion from macroscopic view.
The Car-Following Model
Bando et al. [21] investigated the equation of traffic dynamics based on the assumption that each vehicle had the legal velocity, which depended on the following distance from the preceding vehicle and proposed a realistic model of traffic flow. In their model the stimulus was a function of a following distance and the sensitivity was a constant and did not introduce the time lag of response. The optimal velocity model proposed by Bando et al. was called OV model, whose control equation is
where (⋅) is the optimal velocity function, which is a monotonically increasing function and has an upper bound; Δ ( ) = +1 ( ) − ( ); +1 ( ) and ( ) are the positions of the preceding vehicle + 1 and the following vehicle at moment , respectively. ( ) is the acceleration of the following vehicle at moment , V ( ) is the velocity of the following vehicle at moment , and is the sensitive coefficient. For the problems that OV model has, that is, too high acceleration and unrealistic deceleration and traffic collision appearing, Helbing and Tilch [22] proposed a generalized force model called GF model. Jiang et al. [23] researched the start process of traffic flow with GF model and found that the traffic flow starting wave velocity was too small, which was not consistent with real traffic. For this, they proposed a full velocity difference model called FVD model, whose control equation is
where is drivers' sensitive coefficient of the velocity difference;
So far, only Zeng et al. [24] have proposed a model called DRPOV model considering the heterogeneity of drivers' disturbance risk preference. However, they did not consider drivers' reaction to the relative velocity. For this, based on the definitions and assumptions of DRPOV model, we will propose a model considering drivers' heterogeneity of the disturbance risk preference, when drivers react to the relative velocity. The definitions and assumptions of DRPOV model are as follows.
Definition 1.
is the disturbance on traffic flow happening at moment . The disturbance risk preference refers to driver's reaction degree of the disturbance, which can be expressed by the disturbance risk preference coefficient. The disturbance distance is the change of the vehicle position due to . The heterogeneity of the disturbance risk preference refers to different drivers making different degree reactions for the same disturbance, which is shown by the different disturbance distance. The disturbance risk preference coefficient refers to the ratio of driver's disturbance distance caused by to the moderate driver's disturbance distance caused by , which can be expressed by , ( ); , ( ) is a time and space variable, and an attribute of the driver itself, activated when meeting the disturbance and decided by the driver 's own factors at moment , such as personal experiences and psychological factors, changing with time and space. Generally speaking, , ( ) changes very slowly over time, and in order to simplify the analysis and without loss of generality, assume that , ( )/ = 0.
The Hypotheses of Drivers' Heterogeneity of the Disturbance Risk Preference
(1) According to the type of the disturbance risk preference, drivers are divided into three types: the preference, the moderate, and the aversion; the probability distribution of the number of all types is normal distribution. The mild preference, the moderate, and the mild aversion are the majority.
(2) If the driver is the preference, , ( ) > 1; if the driver is the moderate, , ( ) = 1; if the driver is the aversion, 0 ≤ , ( ) < 1.
Definition 2.
( , 1) is the moderate driver's disturbance distance, which can be obtained through the actual traffic investigation; the superscript means the driver is the moderate; 1 means the moderate driver's disturbance risk preference coefficient is 1; namely, , ( ) = 1.
( , , ( )) is the disturbance distance of the driver whose disturbance risk preference is uncertain and it can be calculated by the formula ( , , ( )) = , ( ) ( , 1).
The Traffic Flow State Assumption.
Drive on the ring road; the initial state is uniform flow; headway is ; the initial velocity is ( ); at moment , the initial position of the vehicle ( = 1, 2, . . . , ) is 3 When traffic flow is disturbed by the disturbance , the position changes into
2.3. The New Car-Following Model. Now propose a new carfollowing model considering drivers' heterogeneity of the disturbance risk preference, when drivers react to the relative velocity, which is called DRPFVD model:
where
DRPFVD model considers drivers' heterogeneity of the disturbance risk preference, when drivers react to the relative velocity, and therefore DRPFVD model is more consistent with real traffic.
A New Continuum Model
Based on the above new car-following model and definitions and assumptions, this paper proposes a new continuum traffic flow model considering safe driving awareness heterogeneity. Before proposing the new model, make the following definitions and assumptions firstly.
The Hypotheses of Region Average Traffic Condition.
In order to transfer the microscopic discrete variables into the macroscopic continuum variables, just like Jiang et al. [18] , assume that the dynamic properties of vehicle at position at moment represent the average traffic condition in the following region: [ − (1/2)Δ, + (1/2)Δ] decided by the dynamic properties of vehicle +1 at position +Δ at moment which represents the average traffic condition in the preceding region [ + (1/2)Δ, + (3/2)Δ]; Δ is the intervehicle space between the following region representative vehicle and the preceding region representative vehicle +1 and corresponds to Δ in car-following model. Region representative safe driving awareness heterogeneity refers to different region representative drivers making different degree reactions to the same disturbance, which is shown by the different disturbance distance.
( , ) is the region representative disturbance risk preference coefficient and ( , ) is the region representative safe driving awareness coefficient of [ − (1/2)Δ, + (1/2)Δ]; ( + Δ, ) is the region representative disturbance risk preference coefficient, ( +Δ, ) is the region representative safe driving awareness coefficient of [ + (1/2)Δ, + (3/2)Δ], and so on. The disturbance risk preference is an important performance of safe driving awareness, and the lower the former is, the higher the latter is, and vice versa, so we can assume that ( , ) = / ( , ), > 0. For the sake of simplicity and without loss of generality, assume that ( , ) = 1/ ( , ) and therefore Δ ( , ) and Δ ( , ) have the opposite sign because of
Define Δ ( , )/ ( + Δ, ) ( , ) as the relative difference of the preceding region representative safe driving awareness coefficient minus the following region representative safe driving awareness coefficient, which is also the relative size of both coefficients.
( , ) and ( , ) are the time and space variables, and an attribute of region representative driver itself, activated when meeting the disturbance and decided by the region representative driver 's own factors at position at moment , such as personal experiences and psychological factors, changing with time and space. Generally speaking, ( , ) and ( , ) change very slowly over time, and in order to simplify the analysis and without loss of generality, assume that ( , )/ = 0 and ( , )/ = 0.
The Hypotheses of Region Representative Safe Driving Awareness
(1) According to the type of the safe driving awareness, the region representative driver is divided into three types: the low safe driving awareness, the moderate safe driving awareness, and the high safe driving awareness; the probability distribution of the number of all types is normal distribution and the region representative drivers who have the mild low safe driving awareness, the moderate safe driving awareness and the mild high safe driving awareness are in the majority. (2) In the region [ −(1/2)Δ, +(1/2)Δ], if the region representative driver has the low safe driving awareness, 0 ≤ ( , ) < 1; if the region representative driver has the moderate safe driving awareness, ( , ) = 1; if the region representative driver has the high safe driving awareness, ( , ) > 1.
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The effects of the specific probability distribution of the number of all types and the more specific value of ( , ) will be further researched.
Then we can transfer the microscopic discrete variables into the macroscopic continuum variables as follows:
,
)),
where is the average velocity, ( ) is the equilibrium velocity, is the relaxation time, and is the reaction delay time. Substituting (8a)-(8d) into (5) of the new carfollowing model, we can get the dynamic equation of the new continuum model considering region representative safe driving awareness heterogeneity:
)],
Substituting (10) into (9) and carrying out the Taylor series expansion for the right side of (9) and neglecting the highorder terms, we have
Assume that Δ = Δ/ = 0 , which is the propagation speed of small disturbance. Equation (11) can be rewritten as
According to Definition 3,
Then, (12) can be rewritten as
which is the dynamic equation of the new continuum model considering region representative safe driving awareness heterogeneity. Combining the conservation equation of LWR model, we can get the equations of the new continuum model:
where , are the space variable and the time variable, respectively; ( , ) is traffic density, ( , ) is traffic flow, and ( , ) is volume of traffic that enters the road (a negative value for exiting traffic). From (15b), we can see that the macroscopic acceleration is independent of the absolute size of region representative drivers' safe driving awareness coefficient and depends on the relative difference of the preceding region representative driver's safe driving awareness coefficient minus the following region representative driver's safe driving awareness coefficient, which is also the relative size of both coefficients.
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The Anisotropic Property and Wrong-Way Travel Analysis
The matrix expression of the continuum model of this paper is
.
The eigenvalues of the matrix = [ 0 − 0 ] are gotten by setting
where is identity matrix. There are the characteristic velocities of the new continuum model, that is,
For 0 > 0, (18) means the new continuum model does not have any characteristic velocity greater than the macroscopic traffic flow velocity, which means traffic flow anisotropic principle is obeyed by the new continuum model; namely, driver only responds to frontal stimuli in the new continuum model. Next, we will discuss whether there is negative travel velocity, namely, wrong-way travel problem in the new continuum model. The initial conditions given by Daganzo [6] 
where ( ) is the Heaviside function and ( ) = {0, ≤ 0; 1, > 0}. is the jam density. In this case, traffic flow will have no change, which is the correct equilibrium solution to this problem, which means
Substituting (20) into (15b), we can get = 0, which means there is no negative velocity, namely, wrong-way travel problem in the new continuum model in this case. For more general scenario, assuming at a certain position = 0, from (15b), we can know that the acceleration at this position is
Conclusions
The traditional continuum model for traffic flow works rather well under many circumstances and can explain many real traffic phenomena well; however, a common deficiency of these models is that they have not considered a real traffic fact, that is, the drivers' heterogeneity, such as safe driving awareness heterogeneity. For this, this paper defines the concepts of region representative vehicle and driver and region representative safe driving awareness and its heterogeneity, and, based on these concepts and a new car-following model, it proposes a new continuum model considering region representative safe driving awareness heterogeneity. Analyses show that the new continuum model follows traffic flow anisotropy principle, and the following insights can be gotten: the bigger the difference of the preceding region representative safe driving awareness coefficient minus the following region representative safe driving awareness coefficient is, the less the probability of wrong-way travel problem in the new continuum model is and the better the traffic flow stability is, and when the preceding region representative safe driving awareness coefficient is not less than the following region representative safe driving awareness coefficient, there is no wrong-way travel problem in the new continuum model, and vice versa. It provides a viable idea to improve traffic flow stability and inhibit traffic congestion. For example, strengthen all social drivers' safe driving awareness education to increase drivers' safe driving awareness.
